Although microtubule nucleation from centrosomes is well understood, nucleation without centrosomes remains ill defined [5]. Anastral microtubule nucleation is driven by chromatin and is thought to involve the small GTP binding protein Ran [6]. When Ran is bound to GTP, Aaron C. Groen, 
The microtubule minus-end-directed motor complex, dynein/dynactin, is thought to have a role in focusing the Polyclonal antibodies were raised against XRHAMM's C-terminal 137 amino acids and affinity purified to study minus ends of microtubules into a pole by transporting various structural factors, such as TPX2 and NuMA, to the function of XRHAMM. Immunoblotting of Xenopus egg extracts (meiotic and interphase), our MAP preparathe minus ends [15, 18] . We therefore tested whether XRHAMM spindle pole localization requires the function tion, and recombinant XRHAMM with affinity purified anti-XRHAMM antibodies detects a single comigrating of the dynein/dynactin complex. We blocked dynein/ dynactin activity during spindle assembly in Xenopus polypeptide of the molecular weight predicted for XRHAMM, demonstrating antibody specificity (Figures extracts with 1 mg/ml of the dynactin complex component p50, a dominant-negative treatment that produces 1C and 1D; data not shown). Recombinant XRHAMM copellets with taxol-stabilized GMPCPP microtubules, splayed spindle poles [18] , were problematic with demembranated sperm nuclei (or being completely functional or codepleting factors also being responsible for the defects. Thus, XRHAMM and, sperm spindles) for triggering spindle assembly because sperm centrosomes contain significant amounts of possibly, codepleting factors are essential for efficient anastral spindle assembly in Xenopus egg extract. XRHAMM (data not shown). Thus, we turned to anastral spindles assembled around DNA beads [21] . As in the Given that depletion of XRHAMM blocks microtubule assembly in anastral spindles, we assessed the possibilcase of sperm spindles, XRHAMM localized to the poles of anastral spindles ( Figure 4A) Figures 4A and 4B) . role in efficient Ran-dependent microtubule assembly ( Figure 4D ). The quantification of pelleted Ran-induced Furthermore, addback of purified recombinant XRHAMM to endogenous levels ‫07ف(‬ nM) rescued spindle assemmicrotubules isolated from extracts with and without XRHAMM confirmed that counting asters accurately rebly defects to about 70% of mock-depleted extracts, suggesting that XRHAMM is at least partially responsiflected the associated microtubule assembly defects (data not shown). The addition of recombinant XRHAMM ble for the defects (Figures 4A-4C) . The incomplete rescue may result from either the recombinant protein not to depleted extracts rescued aster assembly defects to at the Spindle Pole To verify the XRHAMM and TPX2 interaction, we perWe find that XRHAMM colocalizes with TPX2 and formed immunoprecipitations from Xenopus extracts ␥-tubulin at the spindle pole by indirect immunofluoreswith TPX2 antibodies. However, we were unable to decence microscopy of fixed extract spindles (data not tect an interaction, possibly suggesting that the antibodshown); this is consistent with the association of TPX2 ies perturb the interaction. Therefore, we performed and XRHAMM and the detection of ␥-tubulin in XRHAMM pull-downs from Xenopus extracts with either GST or immunoprecipitates. To examine the localization of GST fused to full-length TPX2. By immunoblotting, TPX2, ␥-tubulin, and XRHAMM in unfixed samples, we XRHAMM was specifically retrieved with GST-TPX2 but imaged extract spindles with XRHAMM and TPX2 or not GST alone ( Figure 5C ). We were also unable to dem-XRHAMM and ␥-tubulin directly labeled antibodies. It onstrate direct binding of TPX2 and XRHAMM through was evident that XRHAMM/TPX2 ( Figure 5D ) and the use of recombinant proteins, indicating that addi-XRHAMM/␥-tubulin ( Figure 5E ) colocalized at spindle tional factors may stabilize the interaction in extracts poles; however, neither precisely colocalized through-(data not shown).
and then analyzed XRHAMM localization by immunofluorescence and linescans (Figdemonstrating that XRHAMM is a microtubule-associated protein (Figure 1E
out the length of the spindle. We observed that To verify the XRHAMM and ␥-tubulin interaction, we XRHAMM localized as puncta that were not always preperformed immunoprecipitations with affinity purified cisely coincident with either TPX2 (Figure 5D ) or ␥-tubulin antibodies. By immunoblotting, we were able ␥-tubulin ( Figure 5E ). These experiments suggest that to detect XGRIP109, suggesting that ␥-TuRC was pres-XRHAMM associates with TPX2 and ␥-tubulin primarily ent in our immunoprecipitations, but we were unable at spindle poles and that these proteins may have other nonoverlapping functions throughout the spindle. to detect a specific interaction between ␥-tubulin and showed that DMSO asters are a comparable model for spindle poles was more diffuse than the localization on mock-depleted controls ( Figure 6C ). Similar to ␥-tubulin, our experiment.
The anastral DMSO-induced spindle poles assembled NuMA and the dynein/dynactin complex were diffusely localized near the centers of the XRHAMM-deficient in XRHAMM-depleted extracts were unfocused compared to controls ( Figure 6B, top and middle rows) , yet aster structures ( Figure 6C ; data not shown). However, we cannot determine whether these changes in localiza-TPX2 and ␥-tubulin remain localized to the XRHAMMdeficient poles ( Figure 6B , middle row, and Figure 6C , tion result from, or contribute to, the unfocused spindle poles assembled in XRHAMM depleted extracts. These bottom row). Thus, XRHAMM is not essential for TPX2 and ␥-tubulin to bind to microtubules. However, in conlocalizations do indicate that XRHAMM is not required for the dynein/dynactin-dependent arrangement of mitrast to the case of mock-depleted extracts ( Figure 6B , top row), TPX2 did not concentrate on the centers of crotubules in a spindle pole structure [25] but rather plays a role in focusing poles, possibly through the activthe poles assembled in XRHAMM-depleted extracts but instead localized all over the microtubule structures (Figity of TPX2 . ure 6B, middle row). Interestingly, unlike TPX2, ␥-tubulin localized to the centers of the XRHAMM-deficient spin-XRHAMM-Associated Proteins Nucleate Microtubules in Pure Tubulin Solutions dle poles ( Figure 6C, bottom row) . The addition of purified recombinant XRHAMM rescued not only the unfoWe found that XRHAMM plays a role in chromatin-induced microtubule nucleation in Xenopus egg excused poles of the XRHAMM-deficient structures, but also the mislocalization of TPX2, demonstrating that tracts. To test whether XRHAMM directly induces microtubule assembly in vitro, we mixed recombinant these defects are due entirely to the removal of XRHAMM ( Figure 6B, bottom row) .
XRHAMM with pure tubulin. We found that XRHAMM did not detectably nucleate microtubules in vitro but The localization of ␥-tubulin on XRHAMM-deficient [27] . Anastral spindle pole assembly is thought to involve the activities minus ends of the microtubules either parallel to or after dynein/dynactin. of various MAPs and plus-end-and minus-end-directed motor proteins [28] . The activities of the motor proteins XRHAMM Enhances Ran-GTP-Dependent Microtubule Assembly and MAPs that concentrate at the pole focus the minus ends of microtubules into a spindle pole [27] . Evidence Ran-dependent microtubule assembly is essential for the chromatin-driven spindle assembly observed in ansuggests that MAPs concentrate on the spindle pole either by directly associating with the minus ends of astral spindles [31] . We find XRHAMM is not essential for Ran-dependent microtubule assembly because microtubules, as in the case of ␥-TuRC, or by being delivered to the minus ends through the microtubule Ran(Q69L)GTP induces microtubule assembly in XRHAMM-depleted extracts ( Figure 4D ). We also find minus end motor activity of dynein, as in the case of NuMA or TPX2 [25] . Through either the inhibition of dythat the addition of ‫4ف‬ϫ the endogenous concentration of TPX2 ‫004ف(‬ nM) to XRHAMM-depleted extracts also nein or the microtubule-associated proteins, a focused spindle pole can become disrupted [18] .
rescues microtubule assembly defects (data not shown). Thus, XRHAMM is clearly not essential for Ran-depen-XRHAMM and TPX2 depend on the dynein/dynactin complex to perform the functions of focusing spindle dent microtubule assembly and may enhance the activi- 
